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GROUND-WATER QUALITY CLASSIFICATION
AND RECOMMENDED SEPTIC TANK SOIL-
ABSORPTION-SYSTEM DENSITY MAPS,
CACHE VALLEY, CACHE COUNTY, UTAH

Mike Lowe, Janae Wallace, and Charles E. Bishop
Utah Geological Survey

ABSTRACT

Cache Valley in northern Utah is experiencing an in-
creasein residential development. Most of this development,
much of which uses septic tank soil-absorption systems for
wastewater disposal, is on unconsolidated deposits of the
basin-fill aquifer, a major source of drinking water. The
purposes of our studies areto: (1) classify the ground-water
quality of the principal aguifer, based mainly on total-dis-
solved-solids concentrations, to formally identify and docu-
ment the beneficial use of the valley’s ground-water re-
source, and (2) apply a ground-water flow model using a
mass-bal ance approach to determine the potential impact of
projected increased numbers of septic-tank systems on water
quality in the Cache Valley basin-fill aquifer and thereby rec-
ommend appropriate septic-system density requirements to
limit water-quality degradation.

The quality of water in the Cache Valley basin-fill
aquifer isgenerally good. Cache Valley ground water isclas-
sified as Class |A (Pristine; 84 percent) and Class Il (Drink-
ing Water Quality; 16 percent), based on chemical analyses
of water obtained from 163 wells sampled during fall 1997
and winter/spring 1998-99. Total-dissolved-solids concen-
trationsin Cache Valley’s principal aquifer range from 178 to
1,758 mg/L, and average 393 mg/L. Nitrate-plus-nitrite con-
centrations in Cache Valley’s principa aquifer range from
less than 0.02 to 35.77 mg/L, with an average (background)
nitrate concentration of 0.68 mg/L.

Nitrogen in the form of nitrate is one of the principal
indicators of pollution from septic tank soil-absorption sys-
tems. In the mass-balance approach, the nitrogen mass from
the projected additional septic tanks is added to the current
nitrogen mass and then diluted with the amount of ground-
water flow available for mixing plus the water added by the
septic-tank systems themselves. We used a U.S. Geological
Survey ground-water flow model to estimate, for different
areas of Cache Valley, ground-water flow available for mix-
ing in the principal basin-fill aquifer, the major control on
projected aquifer nitrate concentration in the mass-balance
approach. While there are many caveats to applying this
mass-bal ance approach, wethink it is auseful and cost-effec-
tive approach to use in land-use planning.

The results of our ground-water flow modeling using the
mass-bal ance approach indicate that three categories of rec-
ommended maximum septic-system densities are appropriate
for development using septic tank soil-absorption systems
for wastewater disposal: one-third, one-fifth, and one-tenth
systems per acre (0.33, 0.2, and 0.1 systems/acre [0.13, 0.08,
and 0.04 systems/hm?]); these categories correspond to 3, 5,
and 10 acres per septic system (1.2, 2, and 4 hm2/system), re-
spectively. The recommended maximum septic-system den-
sities are based on hydrogeologic parameters incorporated in
the ground-water flow model and geographically divided
into 12 ground-water flow domains (background nitrate con-
centrations ranging from 0.09 to 6.58 mg/L) on the basis of
flow-volume similarities. In addition to a map showing the
model output results, we provide a land-use-planning map
where model output boundaries have been adjusted to cultur-
al and geographic features such as streets and water bodies.

INTRODUCTION

Cache Valley, Cache County, is a rura area in northern
Utah (figure 1) experiencing an increase in residential devel-
opment. Most of this development, much of which uses sep-
tic tank soil-absorption systems for wastewater disposdl, is
on unconsolidated deposits of the principal basin-fill aquifer.
Ground water, mostly from the basin-fill aquifer, provides
amost al of the drinking-water supply in Cache Valley.
Preservation of ground-water quality and the potential for
ground-water quality degradation are critical issues that
should be considered in determining the extent and nature of
future development in Cache Valley. Local government offi-
cias in Cache County have expressed concern about the
potential impact that development may have on ground-
water quality, particularly development that uses septic tank
soil-absorption systems for wastewater disposal. Local gov-
ernment officials would like to formally identify current
ground-water quality to provide a basis for defendable land-
use regulations to protect ground-water quality; they would
also like a scientific basis for determining recommended
densities for septic-tank systems as a land-use planning tool.
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Purpose and Scope

The purposes of our studies are to: (1) classify the
ground-water quality of the principal (drinking water)
aquifersto formally identify and document the beneficial use
of Cache Valey’s ground-water resource, and (2) apply a
ground-water flow model using a mass-balance approach to
determine the potential impact of projected increased num-
bers of septic-tank systems on water quality in the basin-fill
aquifer and thereby recommend appropriate septic-system-
density requirements. Together, these two study components
will provide land-use planners with a tool to use in approv-
ing new development in a manner that will be protective of
ground-water quality.

Ground-Water Quality Classification

Ground-water quality classes under the Utah Water
Quality Board classification scheme are based largely on
total-dissolved-solids (TDS) concentrations (table 1) (for the
ranges of chemical-constituent concentrations used in this
report, including those for TDS, mg/L equals parts per mil-
lion). If any contaminant exceeds Utah’s ground-water qual-
ity (health) standards (and, if human caused, cannot be
cleaned up within a reasonable time period), the ground
water is classified as Class |11, Limited Use ground water.

In order to classify the quality of ground water in the
Cache Valley basin-fill aguifer, we selected 163 wells for
sampling from three depth categories: (1) 37 of the wells are
shallow wells (less than 100 feet [30 m] deep) completed in
the principal aquifer, (2) 79 of the wells are of medium depth
(100-200 feet [30-60 m]) completed in the principal aquifer,
and (3) 42 of the wells are deep wells (greater than 200 feet
[60 m] deep) completed in the principal aquifer. Depth isnot
known for five of the sampled wells presumed to be com-
pleted in the principal aquifer. We also sampled one well and
a spring producing water from the shallow unconfined

3

aquifer, but the results from these sources were not used in
the ground-water quality classification because the shallow
unconfined aquifer is generally not used for drinking water.
The wells and spring were sampled by the Utah Division of
Water Quality during fall 1997 and winter/spring 1998; the
water samples were analyzed for general chemistry and
nutrient content by the Utah Division of Epidemiology and
Laboratory Services. Water from 15 of the wells was not
analyzed for iron, water from six wells was not analyzed for
sulfate, and water from another six wells was not analyzed
for chloride. Water from 46 of the wells was analyzed for
organics and pesticides, and water from 13 was analyzed for
radionuclides. Wells yielding ground water that exceeded
water-quality (health) standards in place at the time of sam-
pling were resampled, sometimes multiple times, to verify
results. A summary of the constituents analyzed for, ground-
water quality (health) standards for some constituents, and
selected water-quality data are presented in appendix A.

Septic-Tank Density/Water-Quality Degradation
Analysis

To provide recommended septic-tank densitiesfor Cache
Valley using the mass-balance approach to evaluate potential
water-quality degradation, we first used the digital ground-
water flow model of Kariya and others (1994) to estimate
ground-water flow available for mixing (dilution) in each of
the model’s cells (representing a specific land-surface area
ranging from 0.2 to 1 square mile [0.5-2.6 km?2]) for the
model’s uppermost layer. We then (1) grouped cells into 11
ground-water flow domains (geographic areas having similar
characteristics of flow-volume per unit area), and defined a
12th domain in the Clarkston area; (2) determined areas,
ground-water flow volumes, estimated number of existing
septic-tank systems, and ambient (background) nitrate con-
centrations for each domain; and (3) calculated projected

Table 1. Ground-water quality classes under the Utah Water Quality Board's total-dissolved-solids- (TDS) based classification system (modi-

fied from Utah Division of Water Quality, 1998).

Ground-Water Quality Class TDS Concentration Beneficial Use

Class IA/IBYIC? less than 500 mg/L3 Pristine/I rrepl aceabl e/Ecol ogicallyl mportant
Class I 500 to less than 3,000 mg/L Drinking Water*

Class 1 3,000 to less than 10,000 mg/L Limited Use®

Class IV 10,000 mg/L and greater Saline®

L rreplaceable ground water (Class IB) is a source of water for a community public drinking-water system for which no other reliable supply
of comparable quality and quantity is available due to economic or institutional constraints; it is a ground-water quality class that is not

based on TDS.

2Ecologicaly Important ground water (Class IC) is a source of ground-water discharge important to the continued existence of wildlife habi-

tat; it is a ground-water quality class that is not based on TDS.

3For concentrations less than 7,000 mg/L, mg/L is about equal to parts per million (ppm).
4Water having TDS concentrations in the upper range of this class must generally undergo some treatment before being used as drinking

water.
5Generally used for industrial purposes.
6May have economic value as brine.




nitrogen loadings in each domain based on increasing num-
bers of septic-tank soil-absorption systems, using the appro-
priate amount of wastewater and accompanying nitrogen
load introduced per septic-tank system. Using an allowable
degradation of ground water, with respect to nitrate, of 1
mg/L (the amount of water-quality degradation determined to
be acceptable by local government officials), we were then
able to derive septic-tank density recommendations for each
domain. At the request of the Cache County Planning De-
partment, a second septic-tank density map was produced
with domain boundaries adjusted slightly to match geo-
graphic and cultural features to facilitate land-use planning

Utah Geological Survey

Well Numbering System

The numbering system for wells in this study is based on
the Federal Government cadastral land-survey system that
divides Utah into four quadrants (A-D) separated by the Salt
Lake Base Line and Meridian (figure 2). The study area
includes parts of both the northeastern and northwestern
quadrants (A and B). The wells are numbered with this quad-
rant letter (A or B), followed by township and range, all
enclosed in parentheses. The next set of characters indicates
the section, quarter section, quarter-quarter section, and quar-
ter-quarter-quarter section designated by letters a through d,

purposes. indicating the northeastern, northwestern, southwestern, and
R.1TE Section 9
6 5 4 \ 3 2 1
b a
eWell
7 8 9 104 11 12 b T
\ A e Well
b | a

'\‘ C/ 2 ,_LI

18 17 16 | 15 14 13 / ¢ i| d
T. 14 N. ] .
9| 20 21 2 N 23 24 A 7
. \“\ | ’/’ l,-‘l:l J* s
30 29 T 28 27 | 267\ [\ 25 c /S A d
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mT 14N R TE
SALT LAKE BASE LINE
Salt Lake City
C D

SALT LAKE MERIDIAN

Figure 2. Numbering system for wells in Utah (see text for additional explanation).
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southeastern quadrants, respectively. A number after the
hyphen corresponds to an individual well within a quarter-
quarter-quarter section. For example, the well (A-14-1)
9adb-1 would be the first well in the northwestern quarter of
the southeastern quarter of the northeastern quarter of section
9, Township 14 North, Range 1 East (NWY4SEY4NEY4 sec-
tion9, T. 14 N., R. 1. E.).

L ocation and Geography

Cache Valley (figure 1) is a north-south-trending valley
with an area of about 660 square miles (1,710 km?2) in north-
eastern Utah and southeastern ldaho. About 365 square
miles (945 km2) of the valley isin Utah. Cache Valley isin
the Cache Valey section of the Middle Rocky Mountains
physiographic province (Stokes, 1977). In Utah, Cache Val-
ley is bordered by the Bear River Range to the east, the
Wellsville Mountains to the southwest, and Clarkston Moun-
tain to the northwest. The valley floor ranges in elevation
from about 4,400 to 5,400 feet (1,340-1,650 m). Peaksinthe
Wellsville Mountains and Bear River Range reach elevations
above 9,000 feet (2,700 m).

The Bear River, the largest tributary to Great Salt Lake,
flows through Cache Valley, entering Utah from the north
and exiting Cache Valley between Clarkston Mountain and
the Wellsville Mountains. Severa large tributaries to the
Bear River, including the Logan River, Blacksmith Fork, and
Little Bear River, originate in the mountains surrounding
Cache Vdley in Utah.

Available population and land-use statistics are for Cache
County as a whole; most people in the county live in Cache
Valley. From 1990-2001, population in Cache County in-
creased by 2.5 percent (Demographic and Economic Analy-
sis Section, 2002). The July 1, 2001, population of Cache
County is estimated at 93,372; projected population is
143,040 by 2030 (Demographic and Economic Analysis Sec-
tion, 2000).

Climate

As is typical of the “back valleys’ east of the Wasatch
Range, Cache Valley is characterized by large daily and sea-
sonal temperature ranges (Utah Division of Water Resources,
1992). Norma climatic information (1961-90 period) is
available from four weather stations in Cache Valley (Logan
Radio KVNU, Logan Utah State University, Richmond, and
Trenton/Lewiston), and average climatic information is
available from the Logan Utah State Experiment Station and
the College Ward Utah State University Experiment Farm
(Ashcroft and others, 1992); the information reported below
is taken from Ashcroft and others (1992). Because the nor-
mal climatic information represents a more complete data
set, those values are discussed herein. Temperatures reach a
norma maximum of 90.0°F (32.2°C) (Richmond station)
and a normal minimum of 10.2°F (-12.1°C) (Trenton/Lewis-
ton station); the normal mean temperature ranges from 44.8
to 48.5°F (7.1-9.2°C). Norma mean precipitation ranges
from 16.6 to 19.5 inches (42.1-49.5 cm); normal mean evap-
otranspiration ranges from 40.9 to 45.3 inches (103.9-115.0
cm). The average number of frost-free days ranges from 112
at Trenton/Lewiston to 158 at Logan Utah State University.

PREVIOUS INVESTIGATIONS

Detailed geologic investigationsin the Cache Valley area
began with Bailey’s (1927) studies of the geology of the Bear
River Range and the Bear River Range (East Cache) faullt.
Williams (1948) studied Paleozoic rocks in the area, and
included a measured section of the Swan Peak Formation in
Green Canyon. Ross (1951) included a description of the
Garden City and Swan Peak Formations in Green Canyon.
Haynie (1957) examined the Worm Creek Quartzite Member
of the St. Charles Formation in Green Canyon. Williams
(1958) reported on further studies of stratigraphy and geo-
logic history in Cache County. Galloway (1970) studied the
structural geology of the eastern portion of the Smithfield
guadrangle. Van Dorston (1970) studied the Swan Peak For-
mation in the Bear River Range. Gardiner (1974) studied the
Nounan Formation in the Bear River Range and Wellsville
Mountains. Mendenhall (1975) studied the structural geolo-
gy and mapped the Richmond quadrangle in northeastern
Cache Valley. Oaks and others (1977) summarized Middle
Ordovician stratigraphy in northern Utah and southern and
central ldaho, including the Bear River Range. Taylor and
Palmer (1981) and Taylor and others (1981) studied Cambri-
an and Ordovician stratigraphy and paleontology in the Bear
River Range and measured a section in Green Canyon. Mor-
gan (1988) studied the petrology of the Garden City Forma-
tion in the Bear River Range. Oaks and Runnells (1992)
studied the Wasatch Formation in the Bear River Range.
Williams (1962) studied Bonneville lake-cycle deposits in
Cache Valley.

Many investigators have studied the Salt Lake Forma
tion in Cache Valley (Williams, 1948, 1964; Smith, 1953;
Adamson 1955; and Adamson and others, 1955). Galloway
(1970) redesignated the Salt Lake Group as the Salt Lake
Formation. Modern studies of the Salt Lake Formation in-
clude those of Smith (1997), Goessel (1999), Goessel and
others (1999), Oaks and others (1999), and Oaks (2000).

Mullens and lzett (1963), Mendenhall (1975), Oviatt
(1986a,b), Brummer and McCalpin (1990), Evans and others
(1991), Lowe and Galloway (1993), Barker and Barker
(1993), and Biek and others (2001) produced 7.5-minute
geologic quadrangle maps of the Cache Valley area. Dover
(1985) mapped geology of the Logan 30' x 60" quadrangle.
Lowe (1987) mapped the surficial geology of the Smithfield
7.5-minute quadrangle.

Peterson (1946) conducted an early investigation of the
quantity of ground-water supply available in Cache Valley.
Beer (1967) evaluated southern Cache Valley's basin-fill
aquifer to determine those areas having the best potential for
water development based on available water supply, chemi-
cal quality, and potential ground-water withdrawal rates. A
detailed Cache Valley ground-water study was made by
Bjorklund and McGreevy (1971). Anderson and others
(1994) mapped ground-water recharge and discharge areas
for Cache Valley's basin-fill aquifer. Kariya and others
(1994) produced a ground-water flow model for the basin-fill
aquifer. Lowe and Wallace (1999a,b, 2001; Wallace and
Lowe, 1999) delineated ground-water quality of the basin-fill
aquifer. Robinson (1999) characterized the chemistry and
hydrostratigraphy of ground-water and surface-water inter-
action in the Cache Valley basin-fill aquifer. Erickson and
Mortensen (1974) mapped soils in the Cache Valley area.



GEOLOGIC SETTING

Structurally, Cache Valley is bounded by north-striking,
high-angle normal faults (the East Cache and West Cache
fault zones) and forms the southern end of a series of half-
grabens within an extensional corridor between the Wasatch
and Teton normal fault systems (Evans and Oaks, 1996).
Both the East Cache and West Cache fault zones have been
subdivided into three segments and show evidence of recur-
rent Quaternary movement, including Holocene events
(McCalpin, 1994; Black and others, 1999).

The mountains surrounding Cache Valley consist prima-
rily of Precambrian to Permian sedimentary and metamor-
phic rocks, predominantly limestone, dolomite, shale, and
quartzite (Williams, 1958; Bjorklund and McGreevy, 1971).
The Tertiary Salt Lake Formation, primarily conglomerate
and tuffaceous sandstone, is exposed in an almost continuous
belt in the foothills surrounding the valley and underlies
Quaternary deposits within Cache Valley (Williams, 1962;
Evans and Oaks, 1996). The characteristics of stratigraphic
units in the Cache Valley drainage basin are summarized in
appendix B.

The valley floor in Cache Valley is underlain by uncon-
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ness is near the eastern margin of the valley just south of
Logan (Evans and Oaks, 1996). The basin fill consists most-
ly of fluvial and lacustrine deposits that interfinger with allu-
vial-fan and, to a lesser extent, deltaic and landslide deposits
along the valley margins (Lowe, 1987; Lowe and Galloway,
1993; Evans and Oaks, 1996). Much of the Cache Valley
floor is covered with offshore lacustrine silt and clay deposit-
ed during the Bonneville lake cycle between about 12 and 26
ka (Oviatt and others, 1992, figure 3). At least one other
thick (up to 80 feet [24 m]), correlatable unit of offshore
lacustrine silt and clay is present within the basin-fill
deposits in Cache Valley; Lowe (1987) tentatively interprets
these fine-grained sediments as having been deposited during
the Little Valley lake cycle sometime between 90,000 and
150,000 years ago (Scott and others, 1983).

GROUND-WATER CONDITIONS
Introduction

Ground water in the Cache Valley area occurs in two
types of aquifers: (1) fractured bedrock and Tertiary semi-

solidated basin fill of varying thickness. The greatest thick- consolidated rocks, and (2) unconsolidated deposits. The
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hydrostratigraphy of rock units in the Cache Valley drainage
basin is summarized in appendix B. Ground water in frac-
tured-rock aquifersisrecharged primarily from infiltration of
precipitation and stream flow, and flows primarily through
fractures and, in carbonate units, through solution channels
(Kariyaand others, 1994). Although some wells and springs
in fractured rock are used for public water supply in Cache
Valley, some of the public water supply and most domestic
water supply is obtained from wells completed in unconsoli-
dated deposits of the basin-fill aquifer (Bjorklund and
McGreevy, 1971).

Basin-Fill Aquifer
Occurrence

Ground water in Cache Valley occurs under perched,
confined, and unconfined conditions (Bjorklund and
McGreevy, 1971). The basin fill is more than several hun-
dred feet thick at many locations in the valley center (Kariya
and others, 1994). In the area between Smithfield and New-
ton, unconsolidated sediments are up to about 1,340 feet (410
m) thick (Bjorklund and McGreevy, 1971). Because the
basin fill is unconsolidated sediment consisting of multiple,
discontinuous layers of silt, sand, and gravel (deposited in
fluvial, alluvial-fan, landslide, and nearshore lacustrine envi-
ronments) separated by layers of silt and clay (primarily
deposited in offshore lacustrine environments) (Bjorklund
and McGreevy, 1971; Lowe, 1987, plate 2; Lowe and Gal-
loway, 1993, plate 2), the principal aquifer consists of acom-
plex multiple-aquifer system under both unconfined and con-
fined conditions (Bjorklund and McGreevy, 1971; Kariya
and others, 1994) (figure 3). Ground water in the principal
aquifer ismostly under unconfined conditions along the mar-
gins of Cache Valley (Bjorklund and McGreevy, 1971), but
isunder leaky confined conditions in many areas of the cen-
ter of the valley where many flowing wellsexist (Kariyaand
others, 1994). Kariya and others (1994) attributed the leaky
confined conditions to the discontinuous nature of clay and
silt confining layers (figure 3). The boundary between un-
confined and confined conditionsis gradational near the mar-
gins of the basin. The confined portion of the principal
aquifer istypically overlain by a shallow unconfined aquifer
(Bjorklund and McGreevy, 1971) (figure 3).

Depth to Ground Water

Depth to ground water in unconsolidated deposits in
Cache Valley ranges from at or near the ground surface in the
central portion of the valley to more than 300 feet (90 m)
along the valley margins (Bjorklund and McGreevy, 1971).
Long-term water levels in Cache Valley’s principa aquifer
were relatively constant between 1945 and 1982 (Kariyaand
others, 1994), but declined as much as 13 feet (4 m) from
March 1970 to March 2000 (Burden and others, 2000) (fig-
ure 4). Seasonal water-level changes range from a few feet
(less than 1 m) to about 20 feet (6 m) (Kariya and others,
1994, figure 12). Water levels are generally highest in the
summer in northern Cache Valley, Utah, lowest in the sum-
mer in southeastern Cache Valley, and show no consistent
seasonal pattern of water-level fluctuations in southwestern
Cache Valley (Kariya and others, 1994).

Ground-Water Flow

Ground-water flow in Cache Valley’s principal aquifer is
north-northwest in southern Cache Valley; in most of the val-
ley, ground-water flow is typically from adjacent topograph-
ic highlands toward the valley center, generally toward the
Bear River (Bjorklund and McGreevy, 1971, plate 4). Hori-
zontal hydraulic gradients range from up to about 400 feet
per mile (76 m/km) near the valley margins on the east side
of the valley (Kariya and others, 1994) to less than 4 feet per
mile (1 m/km) near the western margin of Logan (Beer,
1967).

Recharge and Discharge

Recharge to the basin-fill aguifer system isfrom infiltra-
tion of precipitation, streams, canals, ditches, and irrigated
fields, and by subsurface inflow from consolidated rock
along valey margins (Kariya and others, 1994) (table 2).
Most recharge takes place in primary recharge areas (figures
5 and 6) aong the valley margins where unconsolidated
materials have the greatest permeability and vulnerability to
surface sources of pollution (Bjorklund and McGreevy,
1971). Discharge from the basin-fill aquifer includes evapo-
transpiration, well-water withdrawal, and seepage to springs
and Cutler Reservoir (Kariya and others, 1994) (table 2). Of
the mgjor streams in Cache Valley, the Bear River, including
Cutler Reservair, receives the largest amount of ground-
water discharge as seepage to streams (Kariya and others,
1994).

Table 2. 1990 hydrologic budget for Cache Valley, Cache
County, Utah (from Kariya and others, 1994).

Rechar ge type Amount (cubic feet per second)
Infiltration 57

Canal seepage 140

Stream seepage 3

Other* 96

TOTAL 296

Discharge type Amount (cubic feet per second)
Springs 138
Evapotranspiration 87

Water wells 52

Seepage to streams 180

TOTAL 457

* Includes subsurface inflow from adjacent consolidated rock
and seepage from ephemeral streams.

Ground-Water Quality

Ground-water quality in Cache Valley’s principal aquifer
is generaly very good. Calcium, magnesium, and bicarbon-
ate are the magjor dissolved constituents. Bjorklund and
McGreevy (1971) found TDS concentrations to be mostly
below 800 mg/L. However, warm saline ground water hav-
ing TDS concentrations in excess of 1,600 mg/L has been
documented near Newton and may be associated with fault
zones (Bjorklund and McGreevy, 1971). Some ground water
in the basin-fill aquifer also locally exceeds secondary (non-
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health-related) ground-water quality standards for chloride,
fluoride, iron, nitrate, and sulfate (Beer, 1967; Bjorklund and
McGreevy, 1971); we did not analyze for fluoride in our

study.

GROUND-WATER QUALITY
CLASSIFICATION

I ntroduction

Ground-water quality classification, based primarily on
TDS (table 1), isatool for local governmentsin Utah to use
for managing potential ground-water contamination sources
and for protecting the quality of their ground-water
resources. The Utah Division of Water Quality’s (1998)
Aquifer Classification Guidance Document and Lowe and
Wallace (19994, b) outline why ground-water quality classi-
fication exists, what is required to classify ground-water
quality, and why ground-water quality classification should
be considered as atool to protect ground-water quality. Basi-
cally, it is one way to implement an anti-degradation ap-
proach for managing ground-water resources using differen-
tial protection based on the quality or value of the ground-
water resource. The policy of differential protection recog-
nizes possible impacts on ground water from human activi-
ties, but limits any adverse impacts to pre-established accept-
able levels tied directly to the existing ground-water quality.
Ground-water quality classification is one of the principa
means for implementing the differential protection policy
because it establishes the quality of the ground-water re-
source. On behalf of Cache County, we petitioned the Utah
Water Quality Board for formal classification of the principal
aquifer in Cache Valley; based on that petition the Utah
Water Quality Board formally adopted the ground-water
quality classification as presented in this report on August
10, 2001.

Results
Total-Dissolved-Solids Concentrations

The Utah Water Quality Board's drinking-water quality
(health) standard for TDS is 2,000 mg/L for public-supply
wells (table A.1). The secondary ground-water quality stan-
dard is 500 mg/L (U.S. Environmental Protection Agency,
2002) (table A.1), and is primarily due to potential adverse
impacts on the taste of the water (Bjorklund and McGreevy,
1971). Plate 1 shows the distribution of TDS in Cache Val-
ley’s principal unconsolidated basin-fill aquifer based on our
data for ground water sampled from 163 wells during fall
1997 and winter/spring 1998 (appendix A). Total-dissolved-
solids concentrations range from 178 to 1,758 mg/L, and
average background TDS is 393 mg/L. Most of the ground
water in the principal aquifer has TDS concentrations gener-
ally less than 500 mg/L (plate 1). However, ground water in
the northwestern part of Cache Valley has TDS concentra-
tions generally between 500 and 750 mg/L, and ground water
southwest of Amalga has TDS concentrations between 750
and 1,000 mg/L (plate 1). Three wells yielded ground-water
samples that exceeded TDS concentrations of 1,000 mg/L.
Two wells (1,468 and 1,758 mg/L TDS) of unknown depth
are north of Lewiston, in an area where Bjorklund and
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McGreevy (1971) attributed elevated TDS to irrigation and
drainage practices. One sample from a 24-foot-deep (7 m)
well completed in the shallow unconfined aquifer at a mink
ranch west of Nibley yielded ground water with a TDS con-
centration of 1,236 mg/L (not shown on plate 1).

Plate 2 shows the distribution of TDS with respect to
perforated-interval category and hydrogeologic setting
(recharge/discharge area category). Of the 163 wells sam-
pled and analyzed for TDS, 37 are shallow wells (less than
100 feet [30 m] deep) completed in the principa aquifer, (2)
79 are medium-depth wells (100-200 feet [30-60 m] deep)
completed in the principal aquifer, (3) 42 are deep wells
(greater than 200 feet [60 m] deep) completed in the princi-
pal aquifer, and (4) one well and the spring are in and asso-
ciated with the shallow unconfined aquifer. The determina-
tion that these sampled wells are completed in unconsolidat-
ed basin-fill depositsis based on drillers logs of water wells;
in some instances Tertiary semiconsolidated rock may have
been logged as unconsolidated deposits. Depth is not known
for five of the sampled wells presumed to be completed in
the principal aguifer. Average TDS is 468 mg/L for water
from deep wells, 327 mg/L for water from medium-depth
wells, and 390 mg/L for water from shallow wells complet-
ed in the principal aquifer. Average TDS for water from the
wells for which we have no depth information, typically
older wells drilled or dug before well logs were required, is
845 mg/L. The spring (not shown on plates 1 and 2) yielded
water with aTDS concentration of 368 mg/L. Figure 7 sum-
marizes the percentage of wells in each perforated-depth
interval category that are above or below 500 mg/L TDS.
Figure 8 shows the non-linear relationship between TDS and
perforated-interval depth; the correlation coefficient is 0.56,
an indication that no strong statistical correlation exists
between TDS and perforated-interval depth. Note that TDS
in ground water in many of the wells with deeper perforated
intervals is greater than 500 mg/L (figures 7a,b and 8); this
pattern is especially prevalent in ground-water-discharge
areas (figure 7b), and may be due to longer ground-water res-
idence times and/or flow paths than ground water in wells
with shallower perforated intervals.

With respect to hydrogeologic setting (plate 2), of the
163 wells sampled and analyzed for TDS, three are in pri-
mary recharge areas (15 percent of the surface area of basin-
fill deposits), 42 are in secondary recharge areas (22 percent
of the surface area of basin-fill deposits), and 118 arein dis-
charge areas (63 percent of the surface area of basin-fill
deposits) based on the recharge-area map of Anderson and
others (1994). For ground water from primary-recharge-area
wells, TDS ranges from 358 to 828 mg/L and averages 554
mg/L. For ground-water from secondary-recharge-area
wells, TDS ranges from 232 to 664 mg/L and averages 366
mg/L. For ground water from discharge-area wells, TDS
ranges from 178 to 1,758 mg/L and averages 399 mg/L. Fig-
ure 9 summarizes the percentage of wells in each hydrogeo-
logic setting category that are above or below 500 mg/L
TDS; no trend is apparent with respect to hydrogeologic set-
ting and TDS, but our sampled wells are not well-distributed
with respect to each category.

Nitrate Concentrations

The ground-water quality (health) standard for nitrate is
10 mg/L (tableA.1) (U.S. Environmental Protection Agency,
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2002). More than 10 mg/L of nitrate in drinking water can
result in a condition known as methoglobinemia, or “blue
baby syndrome” (Comley, 1945) in infants under six months
and can be life threatening without immediate medical atten-
tion (U.S. Environmental Protection Agency, 2002). This
condition is characterized by a reduced ability for blood to
carry oxygen. Nitrate-plus-nitrite concentrations in Cache
Valley’'s principal aquifer (plate 3; appendix A) range from
less than 0.02 to 35.77 mg/L, with an average (background)
nitrate concentration of 0.68 mg/L. Thirty-eight wells were
below the detection limit for nitrate of 0.02 mg/L (appendix
A) for the laboratory analysis method listed in table A.1.
Seven wells, one northwest of Lewiston, two near Clarkston,
three southwest of Hyrum, and the mink ranch well with high
TDS (not shown on plate 3), yielded water samples that
exceed the ground-water quality (health) standard of 10
mg/L for nitrate. High nitrate levels may be attributed to
contamination from septic-tank systems, feedlots, and/or fer-
tilizer.

Plate 4 shows the distribution of nitrate concentrations
with respect to perforated-interval category and hydrogeo-
logic setting. The distribution of wells with respect to perfo-
rated-interval category and hydrogeologic setting is as
described for TDS above. Average nitrate concentration is
0.57 mg/L for water from deep wells, 0.42 mg/L for water
from medium-depth wells, and 1.05 mg/L for water from
shallow wells completed in the principal aquifer. Average
nitrate concentration for water from the wells for which we
had no depth informationis 6.4 mg/L. The spring (not shown
on plates 3 and 4) yielded water with a nitrate concentration
of 3.91 mg/L. Figure 10 summarizes the percentage of wells
in each perforated-interval category that are less than 3 mg/L
nitrate concentration, 3 to 10 mg/L nitrate, and greater than
10 mg/L nitrate; more than 60 percent of the wells that yield
ground water having high-nitrate concentrations (>10 mg/L N)
are either in the shallow perforated-interval category or have
unknown perforated-interval depths. Figure 11 shows the
relationship between nitrate concentration and perforated-

interval category; the correlation coefficient of -0.2 indicates
that no statistical correlation exists between nitrate concen-
tration and perforated interval.

With respect to hydrogeologic setting (plate 4) based on
the recharge-area map of Anderson and others (1994), nitrate
concentration ranges from less than 0.02 to 11.91 mg/L and
averages 3.5 mg/L for ground water from primary-recharge-
area wells. For ground-water from secondary-recharge-area
wells, nitrate concentration ranges from less than 0.02 to
20.62 mg/L and averages 0.58 mg/L. For ground water from
discharge area wells, nitrate concentration ranges from less
than 0.02 to 32.85 mg/L, and averages 1.9 mg/L. Figure 12
summarizes the percentage of wells in each hydrogeologic-
setting category that are less than 3 mg/L nitrate concentra-
tion, 3 to 10 mg/L nitrate, and greater than 10 mg/L nitrate.
Primary recharge areas have the highest average nitrate con-
centration (Wallace and Lowe, 1999a).

Dissolved-Iron Concentrations

The secondary ground-water quality standard for iron is
300 ug/L (table A.1) (U.S. Environmental Protection Ag-
ency, 2002), primarily to avoid objectionable staining to
plumbing fixtures, other household surfaces, and laundry
(Fetter, 1980; Hem, 1989). Water high in dissolved iron can
also lead to the growth of iron bacteriawhich may lead to the
clogging of water mains, recirculating systems, and, some-
times, wells (Driscoll, 1986). At concentrations over 1,800
ug/L, iron imparts a metallic taste to drinking water (Fetter,
1980). Dissolved concentrations of iron in Cache Valley's
principal aquifer (plate 5) range from less than 20 to 7,560
ug/L, with an average (background) dissolved-iron concen-
tration of 403 ug/L. A total of 82 wellsyielded ground water
that was below the detection limit for dissolved iron of 20
ug/L (appendix A) for the analysis method listed in table A. 1.
Forty-two wells yielded water samples that exceed the sec-
ondary ground-water quality standard for iron.

Plate 5 shows the distribution of dissolved-iron concen-
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tration with respect to perforated-interval category and
hydrogeol ogic setting. Average dissolved-iron concentration
is 204.5 pg/L for water from deep wells, 720.7 ug/L for
water from medium-depth wells, and 597.9 ug/L for water
from shallow wells completed in the principal aquifer. Fig-
ure 13 shows the relationship between dissolved-iron con-
centration and perforated-interval depth; the correlation coef-
ficient is -0.1 indicating no statistical correlation exists be-
tween dissolved-iron concentration and perforated-interval
depth.

With respect to hydrogeologic setting (plate 5) based on
the mapping of Anderson and others (1994), dissolved-iron
concentration averages 158 ng/L for ground water from pri-
mary-recharge-area wells. For ground water from second-
ary-recharge-area wells, dissolved-iron concentration aver-
ages 494 ug/L. For ground water from discharge-area wells,
dissolved-iron concentration averages 416 ug/L. Average
dissolved iron with respect to hydrogeologic setting may
reflect longer average ground-water residence times in sec-
ondary recharge areas and discharge areas than in primary
recharge areas. Geologic provenance (source rock for basin-
fill sediment) likely is an important factor determining the
distribution of dissolved iron in the basin-fill aquifer; for
example, igneous rocks containing abundant pyroxene,
amphibole, biotite, magnetite, and especially fayalite (iron
olivine), have high iron content.

Sulfate Concentrations

The secondary ground-water quality standard for sulfate
is 250 mg/L (table A.1) (U.S. Environmental Protection
Agency, 2002), primarily because of odor/taste problems and
because high-sulfate water can have a laxative effect (Fetter,
1980). Dissolved concentrations of sulfate in Cache Valley's
principal aquifer (plate 6) range from less than 10 to 305
mg/L, with an average (background) sulfate concentration of
21 mg/L. A total of eighty-seven wellsyielded ground water
that was below the detection limit for sulfate of 10 mg/L

(appendix A) for the analysis listed on table A.1. Only two
wells yielded water samples that exceed the secondary
ground-water quality standard for sulfate; most wellsyielded
ground water with sulfate concentrations below the detection
limit of 10 mg/L, so statistical analysis of the distribution of
sulfate concentrations with respect to perforated-interval
depth and hydrogeol ogic setting do not produce meaningful
results. Geologic provenance (source rock for basin-fill sed-
iment) likely is an important factor determining the distribu-
tion of sulfate in the basin-fill aquifer; metalic sulfides in
both igneous and sedimentary rocks are common sources of
sulfur inits reduced form (Hem, 1989).

Chloride Concentrations

The secondary ground-water quality standard for chlo-
rideis 250 mg/L (table A.1) (U.S. Environmental Protection
Agency, 2002), primarily because of the potential for its
imparting a salty taste to drinking water (Hem, 1989). Chlo-
ride at concentrations over 500 mg/L can cause corrosion to
wells and plumbing (Driscoll, 1986). Dissolved concentra-
tions of chloridein Cache Valley’s principal aquifer (plate 7)
range from less than 3 to 515 mg/L, with an average (back-
ground) chloride concentration of 52 mg/L. Only one well
yielded ground water below the detection limit for chloride
of 3mg/L (appendix A) for the analysis method listed in table
A.1l. Nine wellsyielded water samples that exceed the sec-
ondary ground-water quality standard for chloride.

Plate 7 shows the distribution of chloride concentration
with respect to perforated-interval category and hydrogeo-
logic setting. The distribution of wells with respect to perfo-
rated-interval category and hydrogeologic setting is as
described for TDS above. Average chloride concentration is
120 mg/L for water from deep wells, 20 mg/L for water from
medium-depth wells, and 27 mg/L for water from shallow
wells completed in the principal aquifer. Figure 14 showsthe
relationship between chloride concentration and perforated-
interval depth; the correlation coefficient is 0.7 indicating a
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weak statistical correlation exists between chloride concen-
tration and perforated-interval depth. This weak correlation
may be due to longer ground-water residence time for water
samples from deep wells.

With respect to hydrogeologic setting (plate 7) based on
the map of Anderson and others (1994), dissolved-chloride
concentration averages 53 mg/L for ground water from pri-
mary-recharge-area wells, 28 mg/L for ground water from
secondary-recharge-area wells, and 60 mg/L for ground
water from discharge-area wells. Geologic provenance
(source rock for basin-fill sediment) likely is an important
factor determining the distribution of chloride in the basin-
fill aquifer; although chloride is present at low concentra-
tions in many rock types it is more common in sedimentary
rocks, especially evaporites (Hem, 1989). Bonneville lake-
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cycle sediments, and previous deep-lake-cycle sediments,
make up much of the basin fill in Cache Valley and could
also be sources of chloride.

Other Constituents

A water sample from one well near the confluence of the
Little Bear River and the Bear River yielded an arsenic value
of 100 ug/L, twice the ground-water quality standard of 50
ug/L. Gross alpha is below 5 pCi/L for all ground-water sam-
ples, so samples were not analyzed subsequently for specific
radionuclides. Of water wells tested for pesticides, only one
well yielded water with a value above the detection limit for
atrazine, but the value was less than the upper limit for
ground-water quality standards.
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Resulting Ground-Water Quality Classification

The ground-water quality classification shown on plate 8
is based on the data from the 163 wells completed in the
principal aquifer which were sampled between fall and win-
ter of 1997-98 and spring of 1998 by the Utah Division of
Environmental Quality. Some areas, where insufficient data
exist, require extrapolation of ground-water quality condi-
tions. The basis for our extrapolation was local geologic
characteristics. The ground-water quality classes are as fol-
lows:

Class|A - Pristine ground water: For thisclass, TDS con-
centrations in Cache Valley range from 178 to 492 mg/L.
Class IA is the predominant ground-water quality class in
Cache Valley (plate 8). Areas having Pristine ground water
cover about 84 percent of the total basin-fill material.

ClasslI - Drinking Water Quality ground water: For this
class, TDS concentrations in Cache Valley range from 504 to
1,758 mg/L. Class || areas are present in the northern, north-
western, central, and southern parts of the valley in Utah
(plate 8). The areas having Drinking Water Quality ground
water cover about 16 percent of the total basin-fill material.

Class 111 - Limited Use ground water: For this class, no
TDS values between 3,000 and 10,000 mg/L were identified.
However, water from the seven wells completed in the prin-
cipal aguifer that exceed ground-water quality standards (one
arsenic, six nitrate) is considered Limited Use ground water.
These wells could not be mapped as a discrete Class |11 area
due to their sporadic distribution.

L and-Use Planning Considerations

Current beneficial uses of ground water: Ground water,
most of which is from the basin-fill aguifer, is the most
important source of drinking water in Cache Valley. The
results of the ground-water quality classification for Cache
Valley indicate that the basin-fill aguifer contains mostly
high-quality ground-water resources that warrant protection.
According to Steiger and others (1996), ground-water use in
Cache Valley isasfollows: 54 percent for irrigation, 19 per-
cent for public supply, 19 percent for industry, and 8 percent
for domestic and stock-watering purposes. There are 3,018
perfected water wells in Cache Valley, 60 of which are pub-
lic-supply wells.

Potential for ground-water quality degradation: Potential
contaminant sources in Cache Valley include underground
storage tanks, leaking underground storage tanks, confined
animal-feeding operations, areas served by public sewer sys-
tems, lagoons, landfills, rapidly developing areas with septic
systems, and fertilizer distributors. Although the actua
potential of contamination from these potential sources
ranges from negligible to nearly certain (for instance, septic
tanks), they do indicate that there is a potential for degrada-
tion of Cache Valley's valuable and mostly pristine ground-
water resources.

Some ground-water quality degradation has already been
documented. Approximately 600 underground storage tanks
were identified in Cache County, 51 of which were catego-
rized as leaking underground storage tanks (Ecosystems
Research Institute, 1996). Twenty-five of the 51 tanks have
since been closed. Petroleum hydrocarbon (TPH) leaks have
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been monitored at locations associated with leaking under-
ground storage tanks by Ecosystems Research Institute
(1996).

Possible land-use-planning applications of this ground-
water quality classification: Ground-water quality classifi-
cation is atool that can be used in Utah to manage potential
ground-water contamination sources and protect the quality
of ground-water resources. As such, the wide range of land-
use-planning applications of this tool have not been fully
explored. Ground-water quality classification has been used
in Heber Valley in Wasatch County and Ogden Valley in
Weber County, in concert with septic-tank density/water-
quality-degradation studies (Hansen, Allen, and Luce, Inc.,
1984; Wallace and Lowe, 1998, 1999), to establish minimum
lot sizes where septic-tank systems are used for wastewater
disposal.

Using ground-water quality classification in conjunction
with the septic-tank density/water-quality degradation analy-
sis presented below to set maximum densities for develop-
ment using septic-tank systems for wastewater disposal in
Cache Valley is one possible application of the ground-water
quality classification presented above. Additional potential
uses include using ground-water quality classification as a
basis for prohibiting the dumping of poor-quality water and
other liquid or solid wastes into poorly lined or unlined
canals, especially in vulnerable ground-water recharge areas.
Ground-water quality classification can also be used to
enhance restrictions on the siting of new potentia pollution
sources in drinking-water source-protection zones 1 and 2 for
public water-supply wells.

SEPTIC-TANK DENSITY/WATER-QUALITY
DEGRADATION ANALYSIS

Introduction

Land-use planners have long used septic-tank-suitability
maps to determine where these systems will likely percolate
within an acceptable range. However, percolation alone does
not remediate many constituents found in wastewater,
including nitrate. Ammonium from septic-tank effluent un-
der aerobic conditions can convert to nitrate, contaminating
ground water and posing potential health risks to humans
(primarily very young infants) (Comley, 1945). The U.S.
Environmental Protection Agency’s maximum contaminant
level for nitrate in drinking water (Utah ground-water quali-
ty standard) is 10 mg/L. With continued population growth
and installation of septic tank soil-absorption systemsin new
developments, the potential for nitrate contamination will
increase. One way to evaluate the potential impact of septic-
tank systems on ground-water quality is to perform a mass-
balance calculation (Hansen, Allen, and Luce, Inc., 1994;
Zhan and McKay, 1998; Lowe and Wallace, 1999c, d; Wal-
lace and Lowe, 19983, b, ¢, 1999b; Lowe and others, 2000).
This type of analysis may be used as a gross model for eval-
uating the possible impact of proposed developments using
septic-tank systems for wastewater disposal on ground-water
quality and allowing planners to more effectively determine
appropriate average septic-system densities.
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Ground-Water Contamination from
Septic-Tank Systems

Pathogens

Asthe effluent from a septic tank soil-absorption system
leaves the drain field and percolates into the underlying sail,
it can have high concentrations of pathogens, such as viruses
and bacteria. Organisms such as bacteria can be mechani-
cally filtered by fine-grained soils and are typically removed
after traveling a relatively short distance in the unsaturated
zone. However, in coarse-grained soils, or soils containing
preferential flow paths like cracks, worm burrows, or root
holes, these pathogens can reach the water table. Pathogens
can travel up to 40 feet (12 m) in the unsaturated zone in
some soils (Franks, 1972). Some viruses can survive up to
250 days (U.S. Environmental Protection Agency, 1987),
which is the minimum ground-water time of travel for public
water-supply wells or springs to be separated from potential
biological contamination sources.

Household and I ndustrial Chemicals

Many household and industrial chemicals (table 3) are
commonly disposed of through septic systems and, unless
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they volatilize easily, are not remediated by percolation
through soils in the unsaturated zone. Contamination from
these chemicals can be minimized by reducing their disposal
viaseptic-tank systems, maximizing the potential for dilution
of those chemicals that do reach ground water via septic
tanks (Lowe and Wallace, 1999¢).

Phosphate

Phosphate, typically derived from organic material or
some detergents, is discharged from septic-tank systems
(Fetter, 1980). While phosphate (and phosphorus) is a major
factor in causing eutrophication of surface waters (Fetter,
1980), it isgenerally not associated with water-quality degra-
dation due to the use of septic-tank systems (Lowe and Wal-
lace, 1999¢). Phosphates are removed from septic-tank sys-
tem effluent by absorption onto fine-grained soil particles
and by precipitation with calcium and iron (Fetter, 1980). In
most soils, complete removal of phosphate is common (Franks,
1972).

Nitrate

Ammonia and organic nitrogen are commonly present in
effluent from septic-tank systems (table 3), mostly from the
human urinary system. Typically, ailmost all ammoniais con-

Table 3. Typical characteristics of wastewater from septic-tank systems (from Hansen, Allen, and Luce, Inc., 1994).
Par ameter Units Quantity
Total Solids mg/L 680 - 1000
Volatile Solids mg/L 380 - 500
Suspended Solids mg/L 200 - 290
Volatile Suspended Solids mg/L 150 - 240
BOD mg/L 200 - 290
Chemical Oxygen Demand mg/L 680 - 730
Total Nitrogen mg/L 35- 170
Ammonia mg/L 6 - 160
Nitrites and Nitrates mg/L <1
Total Phosphorus mg/L 18- 29
Phosphate mg/L 6-24
Total Coliforms **MPN/100#mL 10%°- 1012
Fecal Coliforms **MPN/100#mL 108 - 10%°
pH - 72-85
Chlorides mg/L 86 - 128
Sulfates mg/L 23-48
Iron mg/L 0.26- 3.0
Sodium mg/L 96 - 110
Alkainity mg/L 580 - 775
P-Dichlorobenzene* mg/L 0.0039
Toluene* mg/L 0.0200
1,1,1-Trichloroethane* mg/L 0.0019
Xylene* mg/L 0.0028
Ethylbenzene* mg/L 0.004
Benzene* mg/L 0.005

*  Volatile Organics are the maximum concentrations

**  Most probable number
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verted into nitrate before leaving the septic tank soil-absorp-
tion system drain field. Once nitrate passes below the zone
of aerobic bacteria and the roots of plants, there is negligible
attenuation as it travels farther through the soil (Franks,
1972). Once in ground water, nitrate becomes mobile and
can persist in the environment for long periods of time.
Aresas having high densities of septic-tank systems risk ele-
vated nitrate concentrations reaching unacceptable levels. In
the early phases of ground-water quality degradation associ-
ated with septic-tank systems, nitrate is likely to be the only
pollutant detected (Deese, 1986). Regional nitrate contami-
nation from septic-tank discharge has been documented on
Long Island, New York, where many densely populated areas
without sewer systems have existed (Fetter, 1980).

A typica single-family septic-tank system in Cache Val-
ley discharges about 227 gallons (859 L) of effluent per day
containing nitrate concentrations of around 55 mg/L; see dis-
cussion below. The U.S. Environmental Protection Agency
(2002) maximum contaminant level for nitrate in drinking
water (ground-water-quality [health] standard) is 10 mg/L.
Therefore, distances between septic tank soil-absorption sys-
tem drain fields and sources of culinary water must be suffi-
cient for dilution of nitrate in the effluent to levels below the
ground-water quality standard.

We consider nitrate to be the key contaminant for use in
determining the number or density of septic-tank systems
that should be allowed in Cache Valley. Projected nitrate
concentrationsin all or parts of aquifers can be estimated for
increasing septic-tank-system densities using a mass-balance
approach.

The Mass-Balance Approach
General Methods

We use a mass-balance approach for water-quality de-
gradation assessments because it is easily applied, requires
few data, and provides a quantitative basis for land-use plan-
ning decisions. In the mass-balance approach to compute
projected nitrate concentrations, the average nitrogen mass
expected from projected new septic tanks is added to the
existing, ambient (background) mass of nitrogen in ground
water and then diluted with the known (or estimated) ground-
water flow available for mixing, plus water that is added to
the system by septic tanks. We used a discharge of 227 gal-
lons (859 L) of effluent per day for a domestic home based
on a per capita indoor usage of 70 gallons (265 L) per day
(Utah Division of Water Resources, 2001a, p. 28; 2001b, p.
83-106) by Cache County’s average 3.24 person household
(U.S.Census Bureau, 2002). We used an estimated nitrogen
loading of 55 mg/L of effluent per domestic septic tank based
on: (1) an average of 3.24 people per household, (2) an aver-
age nitrogen loading of 17 g N per capita per day (Kaplan,
1988, p. 149), and (3) an assumed retainment of 15 percent
of the nitrogen in the septic tank (to be later removed during
pumping) (Andreoli and others, 1979, in Kaplan, 1988, p.
148); this number is close to Bauman and Schafer’s (1985, in
Kaplan, 1988, p. 147) nitrogen concentration in septic-tank
effluent of 62 + 21 mg/L based on the averaged means from
20 previous studies. Ground-water flow available for mix-
ing, the major control on nitrate concentration in aquifers
when using the mass-balance approach (Lowe and Wallace,
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1997), was determined using the ground-water flow model of
Kariya and others (1994).

Limitations

There are many limitations to any mass-balance ap-
proach (see, for example, Zhan and McKay [1998]; Wallace
and Lowe, 19983, b, ¢, 1999b). We identify the following
limitations to our application of the mass-balance approach:

1. Calculations are typicaly based on a short-term
hydrologic budget, a limited number of aquifer
tests, and limited water-gradient data.

2. Background nitrate concentration is attributed to
natural sources, agricultural practices, and use of
septic-tank systems, but projected nitrate concen-
trations are based on septic-tank systems only and
do not include nitrate from other potential sources
(such as lawn and garden fertilizer).

3. Calculations do not account for localized, high-
concentration nitrate plumes associated with indi-
vidual or clustered septic-tank systems, and also
assumes that the septic-tank effluent from exist-
ing homes is in a steady-state condition with the
aquifer.

4. The approach assumes negligible denitrification.

5. The approach assumes uniform, instantaneous
ground-water mixing for the entire aquifer or
entire mixing zone below the site.

6. Calculations do not account for changes in
ground-water conditions due to ground-water
withdrawal from wells (see ground-water dis-
charge section above).

7. Calculations are based on aquifer parameters that
must be extrapolated to larger areas where they
may not be entirely representative.

8. Calculations may be based on existing data that
do not represent the entire valley.

Although there are many caveats to applying this mass-
bal ance approach, we think that it is useful in land-use plan-
ning because it provides a general basis for making recom-
mendations for septic-tank-system densities. In addition, the
approach is cost-effective and easily applied with limited in-
formation.

Ground-Water Flow Calculations
I ntroduction

We used the GM S (Boss International, Inc. and Brigham
Young University, 1999) ground-water modeling system,
applied to the regional, three-dimensional, steady-state
MODFLOW (McDona and Harbaugh, 1988) model of
Kariya and others (1994), to determine the available ground-
water flow in the upper portion of saturated, unconsolidated
basin-fill deposits of the principal aquifer in the Utah portion
of Cache Valley. The model simulated confined and uncon-
fined conditions, withdrawal from wells, evapotranspiration,
seepage to and from streams, areal recharge, seepage to
drains, and seepage from consolidated rock.

Computer Modeling

We used Kariya and others' (1994) three-dimensional,
finite-difference, numerical MODFLOW model (McDonald
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and Harbaugh, 1988) of ground-water flow for the basin-fill
aquifer system in Cache Valley to provide cell-by-cell flow
data under steady-state conditions. We apply Kariyaand oth-
ers (1994) model as it provides the best representation cur-
rently available of the Cache Valley basin-fill aquifer, but
Kariya and others (1994, p. 58) point out that “a ground-
water model is a tool to ssimulate a simplified version of a
ground-water system,” and we acknowledge this tool may be
improved upon by futureinvestigators. For steady-state con-
ditions, the model is constructed to represent a ground-water
flow system in which there is no change in storage or long-
term water levels — in other words, recharge and discharge
from the system are exactly equal. Kariyaand others' (1994)
model was calibrated to assumed 1969 steady-state condi-
tions, a year having the best available ground- and surface-
water data

Description of model of Kariya and others (1994)

Kariya and others (1994) used the U.S. Geological Sur-
vey modular three-dimensional, finite-difference, ground-
water flow simulator (MODFLOW) (McDonald and Har-
baugh, 1988) to test and refine their conceptual understand-
ing of the flow system in Cache Valley. The area covered by
the saturated unconsolidated basin-fill deposits was dis-
cretized into a non-uniform, horizontal, quasi-three-dimen-
sional, rectangular grid consisting of 82 rows and 39
columns, with up to six vertical layers of cells. Thegrid rep-
resents an area smaller than the actual area of unconsolidat-
ed basin-fill because some deposits are not saturated. The
model uses a vertical leakage term between the six vertica
model layers, and assumes two-dimensional horizontal flow
in the aquifer and one-dimensional vertical flow.

The model’s rectilinear grid has a grid-cell spacing rang-
ing from 0.5 miles (0.8 km) by 0.375 miles (0.6 km) to 1 mile
(1.6 km) on each side, resulting in cell areas of 0.2 to 1
square mile (0.5-2.6 km2). The y-axis of the model is ori-
ented north-south, paralel to the axis of the valey and the
primary surface-water drainages. Activity cellsin layers one
and two represent an area of approximately 660 square miles
(1,789 km?2), with 282 square miles (730 km2) in Utah.
Layer one was simulated as an unconfined layer with an ini-
tial saturated thickness of 100 feet (30 m), with changes in
the water levels causing the saturated thickness to vary from
theinitial 100 feet (30 m); within the basin-fill deposits rep-
resented by this layer, confined conditions may occur in
some areas. Layer one simulates evapotranspiration, dis-
charge from wells and springs, and seepage to streams,
rivers, and areservoir. Layer two simulates saturated valley-
fill material from 100 to 200 feet (30-61 m) using a confined-
or unconfined-layer option that allows the storage term to be
converted from confined to unconfined in cells when calcu-
lated water levels drop below thetop of thecell. Layersthree
through six were simulated using the confined-layer option.
The depth of saturated basin-fill deposits simulated by layer
threeis from 200 to 300 feet (61-91 m), layer four from 300
to 500 feet (91-152 m), layer five from 500 to 1,000 feet
(152-305 m), and layer six from 1,000 to 1,500 feet (305-457
m). Layer six allows simulation of pumping from deep
municipal wellsin the eastern part of the valley.

Kariya and others (1994) initially estimated hydraulic
parameters based on single-well specific-capacity tests for
layer one. Initial transmissivity values of layers two through
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six were computed by multiplying the estimated hydraulic-
conductivity values for layer one by the thickness of each
layer. During the steady-state calibration of the model, input
parameters were systematically varied and refined to a non-
uniform distribution. The final distribution of transmissivity
values for layers two through four can be obtained by muilti-
plying the final hydraulic conductivity of layer one by the
thickness of the layer in question. During calibration, trans-
missivity values in layers five and six were reduced to the
value for layer four to be more consistent with aquifer-test
data. For layer one, to achieve a best fit between simulated
and observed data the final values of hydraulic conductivity
for the calibrated model ranged from 1 to 100 feet per day
(0.3-31 m/d). Transmissivity values used in the calibrated
model for layerstwo to four range from 100 to 18,000 square
feet per day (9-1,672 m2/d). The steady-state simulation
assumes the water flowing into the ground-water system
equals the amount flowing out, with no change in ground-
water storage. The vertical leakage used to represent confin-
ing units in the model were calculated based on the vertical
hydraulic conductivity determined by comparing simulated
vertical-head differences between layers. Cellsin layer one
with spring discharge are assigned an increased vertical con-
ductance.

Boundary conditions for the Cache Valley model were
based on a simplified hydrologic model. Kariya and others
(1994) specified the lateral boundaries surrounding the active
cells of the model as*“no-flow” boundaries by assuming they
coincided with low-permeability bedrock, except where
inflow from adjacent consolidated rock or unconsolidated
basin-fill deposits was identified during the calibration of the
model. To simulate subsurface inflow into the main ground-
water system of Cache Valley, general-head cells were used
at the boundary of layer one. The upper boundary of the
model is a specified-flux boundary formed by using
recharge, well, evapotranspiration, river, and drain packages
of MODFLOW to simulate the infiltration and discharge of
ground water. The lower boundary of the model is ano-flow
boundary.

In the model, recharge of the Cache Valley basin-fill
aquifer occurs: (1) where infiltration of unconsumed irriga-
tion water and precipitation occurs, (2) where perennial
streams emerge from canyons, or canals flow across coarse-
grained deposits along the margins of the valley, allowing
water to infiltrate readily to the underlying ground-water sys-
tem, and (3) from subsurface inflow. Alluvial fans and deltas
adjacent to the Bear River Range are important recharge
areas. Twelve perennial streams enter the valley and flow
toward the Bear River; ten of these are from the Bear River
Range and three are from mountains on the west side of the
valley. These tributaries contribute to the surface and sub-
surface water supplies. Before the time of large-scaleirriga-
tion, infiltration from streams flowing acrossthe alluvial fans
and deltas was probably the main source of ground water;
now, the infiltration of unconsumed irrigation water is amost
as important (Kariya and others, 1994). Estimated recharge
over the modeled area of Cache Valley is 326,000 acre-feet
per year (402 km3/yr) (Kariya and others, 1994). Ground-
water discharge in Cache Valley is primarily from: (1) seep-
age to the Bear, Cub, Logan, Blacksmith Fork, and Little
Bear Rivers, (2) evapotranspiration in the marshes and wet-
lands, and (3) withdrawals from wells and springs. The
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largest component of ground-water discharge in Cache Val-
ley is seepage to rivers; the net gain to flow in the Bear River
(including Cutler Reservoir) from seepage between Smith-
field and the Box Elder county line was 79 cubic feet per sec-
ond (2.2 m3/sec) (Herbert and Thomas, 1992). Estimated
discharge over the modeled area of Cache Valley is 325,000
acre-feet per year (400 km3/yr) (Kariya and others, 1994),

The model of Kariya and others (1994) did not simulate
the approximately 45.5-square-mile (118 km2) Clarkston
Bench area, because this area has its own individual basin-
fill ground-water system and is at a higher atitude than the
ground-water system in Cache Valley. Consolidated rocks
are at shallower depths in the Clarkston Bench area and the
unconsolidated basin fill isthin (about 20 feet [6 m] thick, on
average). Littleisknown of the thickness or extent of water-
bearing material in the Clarkston Bench area. We considered
the water table in the shallow sediments to be approximately
the same as the unconsolidated basin-fill topography. Sand
and gravel deposits yield water to a few wells in the Clark-
ston Bench area. Multiplying the volume of the unconsoli-
dated basin-fill deposits by the average specific yield of sed-
iments (0.25) such as those penetrated in the Clarkston
Bench area yielded an amount of water available in the sys-
tem (52.6 cubic feet per second [1.5 m3/s]) . The available
water was then evaluated over the average thickness and
width of the basin-fill deposits.

Results

The ground-water flow model used for this study is the
best available tool to qualitatively determine the available
water for mixing with septic-tank effluent. Use of the simu-
lation improved our understanding of the aquifer system and
provided the volumetric flow budget needed for the septic-
tank mass-balance calculations. The model simulation pro-
vided a ground-water flow budget for the aquifer in relation
to aquifer characteristics, watersin storage, and volumes and
rates of inflow and outflow. We used model-calculated cell-
by-cell flowsin this study to identify areas with similar flows
of water in layer one; we assume mixing/dilution of septic-
tank effluent will occur within ground water modeled by this
layer.

Based on the spatia distribution of the cell-by-cell flow
terms calculated by MODFLOW, we identified 11 regionsin
the Utah portion of Cache Valley with similar flows in layer
one. We then used the MODFLOW flow budget for each
region to determine the available ground-water flow or volu-
metric flows in saturated unconsolidated basin-fill deposits
for the unconfined aquifer in the Utah portion of Cache Val-
ley for each region. These regions, which we designated as
domains, vary in area from 9.8 to 61.2 square miles (25-158
km?2) (table 4) and have volumetric flows from 33.2 to 398.4
cubic feet per second (0.9-11 m3/sec) (table 5). We use the
volumetric flows in the mass-balance calculations as the
ground water available for mixing. Ground-water flow inthe
Clarkston Bench area, not evaluated in the model, was esti-
mated as described above; the Clarkston Bench areawas des-
ignated as a separate ground-water flow domain, for a tota
of 12 domains (plate 9).

Modeling Limitations

Simplifying assumptions are required to construct a
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Table 4. Cities/towns and land area within each ground-water
flow domain (plate 9) in Cache Valley, Cache County, Utah.
Domain Area Cities'towns
(square
miles)

1 14.2 Cove

2 31.2 Lewiston

3 9.8 Cornish

4 455 Clarkston, Newton

5 39.3 Richmond, Trenton, Amalga

6 333 Benson

7 18.4 Smithfield, Hyde Park

8 226 Petersboro

9 19.0 Mendon
10 61.2 Young Ward, Nibley, College

Ward, Wellsville

11 16.6 Mount Sterling
12 16.5 South Hyrum, Paradise, Avon

numerical model of a natural hydrogeologic system. Some
of these assumptions limit the scope of application of the
model and the hydrologic questions that can reasonably be
addressed, and may influence the model results. The numer-
ical model isasimplified and idealized approximation of the
actual ground-water flow system. Kariya and others (1994)
summarized the major simplifying assumptions and their
limitations on the regional ground-water flow model. The
model assumed a small ground-water inflow at the valley
margins, a layer-cake geology, and leaky aquitards through-
out the basin; however, recent work by Oaks (2000) ques-
tions the validity of these assumption and their affect on
ground-water flow in the model. We used a steady-state sim-
ulation with time-averaged and measured conditions; thus,
the model cannot predict the transient response of the sys-
tem, because it is not calibrated to transient conditions. This
means we cannot use the model to predict flows in the sys-
tem if new stresses were applied, such as adding alarge well,
to the system. The model, however, can simulate steady-
state conditions and be used to evaluate various ground-
water conditions.

Septic-Tank-System/Water-Quality-
Degradation Analyses

I ntroduction

We calculated projected domain-specific nitrate concen-
trations in the 12 ground-water flow domains (table 4, plate
9) by applying a mass-balance approach using domain-spe-
cific parameters such as the existing nitrogen load (back-
ground nitrate concentration) and amount of ground water
available for mixing (flow volume; table 5), and our estimat-
ed 227 gallons per day (859 L/d) contributed by each septic-
tank system with a estimated nitrogen loading of 55 mg/L of
septic-tank effluent. The mass-balance approach predicts the
impact of nitrate from use of septic-tank systems over a
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Table 5. Parameters used to perform a mass-balance analysis for each ground-water flow domain in Cache Valley, Cache County, Utah.

Domain Area Flow* Average nitrate Number of wells Curent number of
(acres) (cubic feet concentration sampled septic tanks*
per second) (mg/L)
1 9,086 26.6 0.74 5 100
2 19,956 404 547 4 300
3 6,245 332 0.8 2 110
4 29,138 52.6 272 5 530
5 25,167 108.0 3.01 5 500
6 21,291 470 0.73 17 190
7 11,756 66.7 03 25 200
8 14,453 67.5 0.09 100
9 12,130 58.8 0.92 7 250
10 39,169 3984 0.35 62 800
11 10,625 91.0 6.58 12 100
12 10,528 99.3 0.63 14 400

* ground-water flow available for mixing; data were derived using ground-water computer model, except domain 4 (Clarkston Bench area;

see text for explanation).

* septic systems were estimated by the Bear River Health Department (Nick Galloway, in 2001); we used 227 gallons per household as the
amount of water generated based on the 2001 Utah State Water Plan (Utah Division of Water Resources, 2001).

defined area.

We calculated one graph for each area based on a range
of parameters that affect the amount of ground water avail-
able for dilution. We obtained the number of septic-tank sys-
tems in each area from the Bear River Health Department
(Nick Galloway, written communication, 2001). Table 5 lists
the number of septic-tank systems estimated for each do-
main. The total number of septic-tank systems in the valley
currently is approximately 3,580 for all the domains, and
ranges from a low of about 100 (domains 1 and 11) to a high
of about 800 (domain 10) (table 5). Background nitrate con-
centration for each area ranges from 0.09 mg/L (domain 8) to
6.58 mg/L (domain 11).

Results

We herein present written descriptions of our mass-bal-
ance calculations for only domains 1 (figure 15a) and 4 (fig-
ure 15d) (figure 16). Calculations for domains 2, 3, and 5
through 12 were calculated in the same manner as domain 1,
using the information on tables 4, 5, and 6 and figures 15b,
15¢c, and 15e through 151.

Domain 1. Figure 15a shows a plot of projected nitrate con-
centration versus septic-tank density and number of septic-
tank systems in domain 1 (figure 16) in northeastern Cache
Valley (plate 9). Background nitrate concentration for do-
main 1 is 0.74 mg/L.. Approximately 100 septic systems are
in domain 1 (Nick Galloway, Bear River Public Health De-
partment, written communication, 2001). Domain 1 has an
area of approximately 9,086 acres (3,677 hm2), so the exist-
ing average septic-system density is 0.011 systems per acre
(0.005 systems/hm?2), or 91 acres per system (37 hm?2/sys-
tem). Based on our analyses (table 7), estimated ground-
water flow available for mixing in domain 1 is 26.6 cubic
feet per second (0.76 m3/s). For the domain 1 area to main-

tain an overall nitrate concentration of 1.74 mg/L (which
allows 1 mg/L of degradation, a value adopted by Wasatch
and Weber Counties as an acceptable level of degradation),
the total number of homes using septic tank soil-absorption
systems should not exceed 1,525 based on the estimated
nitrogen load of 55 mg/L per septic-tank system (figure 15a,
table 6). This corresponds to a total increase of approxi-
mately 1,425 septic systems and an average septic-system
density of about 0.17 systems per acre (0.07 systems/hm?2),
or 6 acres per system (2.4 hm?/system) in domain 1 (table 6).

Domain 4. Figure 15d shows a plot of projected nitrate con-
centration versus septic-tank density and number of septic-
tank systems in domain 4 (Clarkston Bench area; figure 16)
in northwesternmost Cache Valley (plate 9). Domain 4 dif-
fers from the rest of the domains because this area was not
included in the ground-water model, so we calculated the
amount of ground-water flow available for mixing based on
volume of basin-fill deposits and specific yield of sediments
of the type found in the basin-fill deposits in domain 4 as
described in the section on “Description of model of Kariya
and others (1994).” Background nitrate concentration for
domain 4 is 2.72 mg/L. Approximately 530 septic systems
are located in domain 4 (Bear River Public Health Depart-
ment, written communication, 2001). Domain 4 has an area
of approximately 29,138 acres (117.9 km?), so the average
septic-system density is 0.018 systems per acre (0.007 sys-
tems/hm?2), or 55 acres per system (22 hm?2/system). Based
on our analyses (table 7), estimated ground-water flow avail-
able for mixing in domain 4 is 52.6 cubic feet per second (1.5
m3/s). For the domain 4 area to maintain an overall nitrate
concentration of 3.72 mg/L, the total number of homes using
septic tank soil-absorption systems should not exceed 3,450
based on the estimated nitrogen load of 55 mg/L per septic-
tank system (figure 15d). This corresponds to a total in-
crease of approximately 2,920 septic systems and an average
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Figure 15a. Projected septic-tank density versus nitrate concentration
for domain 1 (table 4) in Cache Valley, Cache County, Utah, based on
100 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15c. Projected septic-tank density versus nitrate concentration
for domain 3 (table 4) in Cache Valley, Cache County, Utah, based on
110 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15e. Projected septic-tank density versus nitrate concentration
for domain 5 (table 4) in Cache Valley, Cache County, Utah, based on
500 existing septic tanks (seetable 5). N load 55 refersto an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15b. Projected septic-tank density versus nitrate concentration
for domain 2 (table 4) in Cache Valley, Cache County, Utah, based on
300 existing septic tanks (seetable 5). N load 55 refersto an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15d. Projected septic-tank density versus nitrate concentration

for domain 4 (table 4) in Cache Valley, Cache County, Utah, based on

530 existing septic tanks (seetable 5). N load 55 refersto an estimat-

ed nitrate loading per liter of wastewater from septic-tank systems (see

text for explanation).
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Figure 15f. Projected septic-tank density versus nitrate concentration
for domain 6 (table 4) in Cache Valley, Cache County, Utah, based on
190 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15g. Projected septic-tank density versus nitrate concentration
for domain 7 (table 4) in Cache Valley, Cache County, Utah, based on
200 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15i. Projected septic-tank density versus nitrate concentration
for domain 9 (table 4) in Cache Valley, Cache County, Utah, based on
250 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15k. Projected septic-tank density versus nitrate concentration
for domain 11 (table 4) in Cache Valley, Cache County, Utah, based on
100 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15h. Projected septic-tank density versus nitrate concentration
for domain 8 (table 4) in Cache Valley, Cache County, Utah, based on
100 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 15j. Projected septic-tank density versus nitrate concentration
for domain 10 (table 4) in Cache Valley, Cache County, Utah, based on
800 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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Figure 151. Projected septic-tank density versus nitrate concentration
for domain 12 (table 4) in Cache Valley, Cache County, Utah, based on
400 existing septic tanks (see table 5). N load 55 refers to an estimat-
ed nitrate loading per liter of wastewater from septic-tank systems (see
text for explanation).
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septic-system density of about 0.12 systems per acre (0.05
systemsg’hm?2), or 8.4 acres per system (3.4 hm2/system) in
domain 4 (table 6).

Shallow Unconfined Ground-Water |ssues

We have applied the mass-balance approach to the prin-
cipal drinking-water aquifer in the basin fill of Cache Valley,
because this is the resource we believe warrants the greatest
effortsfor protection. Some regulatory agencies may be con-
cerned about the impact of septic tanks on all waters of the
state, including shallow unconfined ground water in Cache
Valley that is not currently used as a source of drinking water
and, in much of the valley, is separated from the principal
aquifer by thick clay confining layers. In many areas of
Cache Valley there is also an upward ground-water gradient
in the principal aguifer (discharge area, figure 6) that can pre-
vent downward migration of poorer quality water in the shal-
low unconfined aquifer.

The shallow unconfined aquifer in Cache Valley was not
a component of the Kariya and others (1994) ground-water
flow model of the unconsolidated aquifer in Cache Valley.
Because the shallow unconfined aquifer isrelatively thin and
isin proximity to surface sources of ground-water pollution,
the shallow unconfined aquifer is where the impact of septic-
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tank systemsis likely to be greatest. We performed asimple
mass-bal ance eval uation of the shallow unconfined aquifer to
help understand the effect of increasing numbers of septic
tanks on water quality in the shallow unconfined aquifer;
once again, we used nitrate as a proxy for al constituents in
septic-tank system effluent. However, we note that negligi-
ble data exist for the shallow unconfined aquifer compared to
the principal aguifer.

The general physical characteristics of the shalow
unconfined aquifer are summarized in table 7. The thickness
of the shallow unconfined aquifer as reported in Bjorklund
and McGreevy (1971) was 10 to 20 feet (3-6 m), but the
aquifer thickness is probably not continuous across the val-
ley. We used 20 feet (6 m) as the thickness of the unconfined
aquifer. We considered the unconfined aquifer to consist of
fine sand, silt, and clay, and we used a hydraulic conductivi-
ty of 0.5 feet per day (0.15 m/d), a value typica for these
types of sediment (Freeze and Cherry, 1979). We obtained
the hydraulic gradient from the potentiometric surface map
in Bjorklund and McGreevy (1971) for the unconsolidat-
basin-fill deposits, and assumed this hydraulic gradient ap-
plied to the shallow aquifer; we used an average hydraulic
gradient for the valley of 0.01 in our calculations. Using an
average valley width of 7 miles (11 km), we obtained a vol-
umetric flow rate of 3,696 cubic feet per day (105 m3/d) for

Table 6. Results of mass-balance analysis using an estimated nitrogen loading of 55 mg/L for each ground-water flow domain in Cache
Valley, Cache County, Utah.

Domain Total # Septic Current Calculated* Recommended
projected systems density density density

septic beyond acre;s/ septic acre;/ septic acr&_e/ septic

systems current septic system septic system septic system

number system lacre system lacre system lacre
1 1,525 1,425 91 0.011 6 0.17 10 0.1
2 2,675 2,375 67 0.015 7.5 0.13 10 0.1
3 1,900 1,790 57 0.018 3.2 0.31 5 0.2
4 3,450 2,920 55 0.018 8.4 0.12 10 0.1
5 6,550 6,050 50 0.02 38 0.26 5 0.2
6 2,700 2,510 112 0.009 7.9 0.13 10 0.1
7 3,900 3,700 59 0.017 3.0 0.33 3 0.3
8 3,675 3,575 144 0.007 3.9 0.26 5 0.2
9 3,425 3,175 49 0.02 35 0.28 5 0.2
10 22,000 21,200 49 0.02 18 0.56 3 0.3
11 5,600 5,500 106 0.009 19 0.53 3 0.3
12 5,700 5,300 26 0.039 18 0.56 3 0.3

* best-estimate calculation is based on a nitrogen load of 17 g N per capita per day (from Kaplan, 1988) for a 3.24-person household and
227 gallons of wastewater per day for the Bear River Basin (Utah Division of Water Resources, 2001).
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Table 7. Physical characteristics of the unconfined aquifer in
Cache Valley, Cache County, Utah.

Thickness 20 feet

Hydraulic conductivity 0.5 feet per day

Hydraulic gradient 0.01

Average width 7 miles

Background nitrate 0.68 mg/L

the Utah part of Cache Valley. The Utah part of Cache Val-
ley was assumed to be about 365 square miles (945 km?2).
For our calculations we used a density of about 0.01 septic-
tank systems per acre (0.004 systems/hm2), or 100 acres per
system (40 hm?/system). We had no representative chemical
data on the shallow unconfined aquifer, so we used the val-
ley-wide average of 0.68 mg/L for the background nitrate
loading for our calculations.

The effect of septic-tank systems on ground-water qual-
ity in the shallow unconfined aquifer is considerable. An
additional 0.4 percent, or 10 septic tanks, increases the
nitrate concentration from the background value of 0.68
mg/L to 4.8 mg/L, an increase of seven times. Similarly, an
additional 3 percent, or 100 septic tanks, increases the nitrate
concentration from the background value of 0.68 mg/L to 25
mg/L, a 36-fold increase. The accumulation of nitrate in the
shallow unconfined aquifer is a cumulative effect of septic-
tank disposal practices. The addition of the septic-tank efflu-
ent to the shallow unconfined aquifer is a substantial propor-
tion of the volume of recharge water to the aquifer. Because
water quality in the shallow unconfined aquifer is impacted
by the quality of this recharge water, the implication of the
nitrate loading with respect to the impact of septic-tank sys-
tems on ground water is that the shallow unconfined aquifer
is probably already overloaded in some areas due to the num-
ber of septic-tank systems already in place. If the shallow
ground-water system is determined by regulatory agencies to
be a resource that should be protected from degradation from
septic-tank systems, our mass-balance analysis indicates that
no new septic-tank systems should be added to the ground-
water system, and removal of existing systems, where feasi-
ble, would be beneficial to water quality in the shallow
unconfined aquifer. However, because of the general lack of
data regarding the shallow unconfined aquifer, data collec-
tion followed by construction of a ground-water flow model
for the unconfined aquifer system may be warranted so that
further analyses of septic-system density/water-quality de-
gradation may be conducted.

Recommendations for Land-Use Planning

Our estimates of nitrate concentrations/water-quality
degradation provide a conservative (worst case) first approx-
imation of long-term ground-water pollution from septic-
tank systems. The graphs of projected nitrate concentration
versus number of septic-tank systems in each area show rec-
ommended septic-tank density for each domain based on the
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parameters described above. Due to the greater amount of
ground-water available for mixing in the central areas of
Cache Valley, a greater number of septic systems can exist in
those areas compared to the northeastern area of Cache Val-
ley, especially near Lewiston and Cove. However, the results
of this study would be most effective in protecting ground-
water quality through land-use planning when used in con-
junction with ground-water quality classification and
ground-water recharge/discharge-area maps. Additionally,
switching from septic-tank systems to a well-engineered,
well-constructed public sanitary sewer system, especially
one that includes tertiary treatment capabilities, would be a
preferred alternative where protection of ground-water qual-
ity is a primary issue; however, poorly engineered, poorly
constructed public sanitary sewer systems could have even
greater negative impacts on ground-water quality than septic-
tank systems.

The ground-water flow generated domain boundaries on
plate 9 do not coincide with geographic or cultural features
that can be easily located on the land surface for application
in land-use planning. Plate 10 shows the results of our sep-
tic-tank-system/water-quality degradation analysis with the
domain boundaries shifted slightly to match geographic or
cultural features; this facilitates application of our analysis in
land-use planning. These maps are designed to be land-use-
planning tools, especially in areas where public sanitary
sewer systems are not available, not as an alternative to sew-
ering; we believe development of public sanitary sewer sys-
tems should continue to be implemented where feasible. In
addition, these maps are not suitable for subdivision-scale
planning. In the future, if regulatory agencies determine that
the shallow unconfined aquifer should be protected from
degradation from septic-tank systems, either (1) additional
data collection followed by construction of a ground-water
flow model for the shallow unconfined aquifer system should
be undertaken to allow further analyses of septic-tank system
density/water-quality degradation, or (2) public sanitary-
sewer-system development should be considered throughout
Cache Valley.

SUMMARY AND CONCLUSIONS

Ground water is the most important source of drinking
water in Cache Valley. Ground-water quality classification is
a relatively new tool that can be used in Utah to manage
potential ground-water contamination sources and protect
the quality of ground-water resources. The results of the
ground-water quality classification for Cache Valley, which
was formally adopted by the Utah Water Quality Board on
August 10, 2001, indicate that the basin-fill aquifer contains
mostly high-quality ground-water resources that warrant pro-
tection. Eighty-four percent of the ground water in the basin-
fill aquifer is classified as Class IA, and 16 percent is classi-
fied as Class II, based on chemical analyses of water from
163 wells sampled during fall 1997 and winter/spring 1998
(TDS range of 178 to 1,750 mg/L).

Septic tank soil-absorption systems are used to dispose
of domestic wastewater in many areas of Cache Valley.
Many constituents in septic-tank effluent are known to
undergo little remediation in the soil environment as they
travel through the unsaturated zone to the aquifer; dilution is
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the principal mechanism for lowering concentrations of these
constituents once they have reached the aquifer. We used
nitrate in septic-tank effluent as an indicator constituent for
evaluating the dilution of constituents in wastewater that
reach ground-water aquifers; this evaluation uses a mass-bal-
ance approach that is based principally on ground-water flow
available for mixing with effluent constituents in the aquifer
of concern. The mass-balance approach for the principal
basin-fill aquifer in Cache Valley, Utah, indicates that three
categories of recommended maximum septic-tank system
densities are appropriate for development using septic tank
soil-absorption systems for wastewater disposal in Cache
Valley, Utah: one-third, one-fifth, and one-tenth systems per
acre (0.13, 0.08, and 0.04 systems/hm?2), or 3, 5, and 10 acres
per system (1.2, 2, and 4 hm2/system); these recommenda-
tions are based on hydrogeol ogic parameters incorporated in
the ground-water flow model and geographically divided
into 12 ground-water flow domains on the basis of flow-vol-
ume similarities. The shallow unconfined aquifer is a limit-
ed source of drinking water in Cache Valley, Utah; however,
our mass-balance analyses indicate that this aquifer is vul-
nerable to degradation from development using septic sys-
tems for wastewater disposal. If regulatory agencies desire
to protect this shallow unconfined aquifer from water-quali-
ty degradation, we recommend that either (1) additional data
collection followed by construction of a ground-water flow
model for the shallow unconfined aquifer system be under-
taken to allow further analyses of septic-tank system densi-
ty/water-quality degradation, or (2) no new septic-tank sys-
tems be considered in Cache Valley, Utah.
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APPENDIX A.1. EPA primary ground-water quality standards and analytical method for some
chemical constituents sampled in Cache Valley, Cache County, Utah.

EPA GROUND-WATER
CHEMICAL CONSTITUENT ANALYTICAL QUALITY
METHOD STANDARD (mg/L)
Nutrients:
total nitrate/nitrite 353.2 10.0
ammonia as nitrogen 350.3 -

total phosphorous and dissolved total phosphate | 365.1 -

Dissolved metals:

arsenic 200.9 0.05
barium 200.7 2.0
cadmium 200.9 0.005
chromium 200.9 0.1
copper 200.7 1.3
lead 200.9 0.015
mercury 245.1 0.002
selenium 200.9 0.05
silver 200.9 0.1
zine 200.7 5.0

General Chemistry:

total dissolved solids 160.1 20007 or (500%™
pH 150.1 between 6.5 and 8.5
aluminum* 200.7 0.05t0 0.2
calcium* 200.7 -

sodium* 200.7 -

bicarbonate 406C -

carbon dioxide 406C -




APPENDIX A.l. (continued).

EPA GROUND-WATER
CHEMICAL CONSTITUENT ANALYTICAL QUALITY
METHOD STANDARD (mg/L)
carbonate 406C -
chloride* 407A 250
total alkalinity 310.1 -
total hardness 314A -
specific conductance 120.1 -
iron* 200.7 0.3
potassium* 200.7 -
hydroxide 406C -
sulfate *™ 375.2 250
magnesium* 200.7 -
manganese* 200.7 0.5

Organics and pesticides:

aldicarb 531.1 0.003
aldicarb sulfoxide 531.1 0.004
atrazine 525.2 0.003
carbofuran 531.1 0.04
2,4-D 515.1 0.07
methoxychlor 525.2 0.4
methiocarb 531.1 -
dinoseb 515.1 0.007
dalapon 515.1 0.2
baygon 515.1 -
picloram 515.1 0.5

dicamba 515.1 -




APPENDIX A.l. (continued).

oxamyl 531.1 0.2
methomyl 531.1 -
EPA GROUND-WATER
CHEMICAL CONSTITUENT ANALYTICAL QUALITY

METHOD STANDARD (mg/L)
carbaryl 531.1 -
3-Hydroxycarbofuran 531.1 -
pentachlorophenol 515.1 0.001
2,4,5-TP 515.1 0.05
Radionuclides:
Alpha, gross 600/4-80-032 15 pCi/L(picocuries

per liter)

Beta, gross 600/4-80-032 4 millirems per year
U238MS Fil (Uranium) 600/4-80-032 0.030 mg/L
226Radium 600/4-80-032 5 pCi/L
228Radium 600/4-80-032 5 pCi/L

- no standard exists for this constituent

*for secondary standards only (exceeding these concentrations does not pose a health threat)

" maximum contaminant level is reported from Utah Administrative Code R309-103 (Utah
Division of Water Quality)

“For public water-supply wells, if TDS is greater than 1,000 mg/L, the supplier shall
satisfactorily demonstrate to the Utah Water Quality Board that no better water is available. The
Board shall not allow the use of an inferior source of water if a better source of water (lower in
TDS) is available

“TDS and sulfate levels are given in the Primary Drinking Water Standards, R309-103- 2.1.
They are listed as secondary standards because levels in excess of these recommended levels will
likely cause consumer complaint
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